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TI Plasmodium falciparum domain mediating adhesion to 

chondroitin sulfate A: a receptor for human placental 
infection. 

AU Buffet P A; Gamain B; Scheidig C; Baruch D; Smith J D; Hernandez -Rivas R; 
Pouvelle B; Oishi S; Fujii N; Fusai T; Parzy D; Miller L H; Gysin J; 
Scherf A 

CS Unite de Biologie des Interactions Hote-Parasite, Centre National de la 

Recherche Scientif ique/Unite de Recherche Associee 1960, Institut Pasteur, 

75724 Paris, France. 
SO PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE UNITED STATES OF 

AMERICA, (1999 Oct 26) 96 (22) 12743-8. 

Journal code: 7505876. ISSN: 0027-8424. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

OS GENBANK- A J 133811 

EM 199912 

ED Entered STN : 2 0000113 

Last Updated on STN: 20000113 
Entered Medline :■ 19991210 

AB Malaria during the first pregnancy causes a high rate of fetal 

and neonatal death. The decreasing susceptibility during subsequent 

pregnancies correlates with acquisition of antibodies that block binding 

of infected red cells to chondroitin sulfate A (CSA) , 

a receptor for parasites in the placenta. Here we identify a 

domain within a particular Plasmodium falciparum 

erythrocyte membrane protein 1 that binds CSA. We cloned a 

var gene expressed in CSA-binding parasitized 

red blood cells (PRBCs) . The gene had eight receptor- like domains, each 
of which was expressed on the surface of Chinese hamster ovary cells and 
was tested for CSA binding. CSA linked to biotin used 

as a probe demonstrated that two Duffy-binding- like (DBL) domains (DBL3 

and DBL7) bound CSA . DBL7, but not DBL3 , also bound 

chondroitin sulfate C (CSC) linked to biotin, a negatively charged 

sugar that does not support PRBC adhesion. Furthermore, CSA, 

but not CSC, blocked the interaction with DBL3; both CSA and CSC 

blocked binding to DBL7. Thus, only the DBL3 domain displays the same 

binding specificity as PRBCs. Because protective antibodies present after 

pregnancy block binding to CSA of parasites from different parts 

of the world, DBL-3, although variant , may induce cross-reactive immunity 

that will protect pregnant women and their fetuses. 
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TI The adhesion of Plasmodium falciparum- infected 

erythrocytes to . chondroitin sulfate A is mediated by P. 
falciparum erythrocyte membrane protein 1. 

AU Reeder J C; Cowman A F; Davern K M; Beeson J G; Thompson J K; Rogerson S 
J; Brown G V 

CS The Walter and Eliza Hall Institute of Medical Research, Post Office Royal 
Melbourne Hospital, Victoria 3050, Australia., reeder@wehi.edu.au 
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EM 199906 

ED Entered STN: 19990618 

Last Updated on STN: 19990618 
Entered Medline: 19990610 

AB Chondroitin sulfate A (CSA) is an important receptor 
for the sequestration of Plasmodium falciparum in the 
placenta, but the parasite ligand involved in adhesion has not 
previously been identified. Here we report the identification of a 
var gene transcribed in association with binding 
to CSA and present evidence that the P. falciparum c 
erythrocyte membrane protein 1 product of the 
gene is the parasite ligand mediating CSA 

binding. Description of this gene and the implication of P. 
falciparum erythrocyte membrane protein 1 as the parasite ligand 
paves the way to a more detailed understanding of the pathogenesis of 
placental infection and potential therapeutic strategies targeting 
the interaction. 
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TI [Plasmodium falciparum and chondroitin 

-4 -sulfate: the new key couple in sequestration] . 
Plasmodium falciparum et chondroitine-4 -sulfate: le 

nouveau couple cle de la sequestration. 
AU Pouvelle B; Fusai T; Gysin J 

CS Laboratoire de Parasitologie Experimentale, Faculte de Medecine 
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AB Some complications of Plasmodium falciparum infection 
such as cerebral malaria and pregnancy-associated 
malaria may be partially due to cytoadherence of erythrocytes 
infected by mature parasites on microvascular endothelial cells or 
placental syncytiotrophoblasts . Recently a new cytoadherence 
receptor, chondroitin- 4 -sulphate (CSA), was identified 

first on endothelial cells in primates and then on CHO cells and purified 
receptors. Further study has implicated CSA in cytoadherence of 
infected red blood cells to syncytiotrophoblasts in human placenta 
and Saimiri sciureus monkeys. In solution the minimal size for full 
inhibitory effect is approximately 9 kDa . Injection of CSA in 
Plasmodium falciparum- infected Saimiri monkeys resulted 
in specific release of sequestered erythrocytes infected by mature 
parasites. An added interest of these findings is that CSA, a 
glycosaminoglycan, is already in clinical use for treatment of 
degenerative joint disease. Current data on the parasite ligand for 
CSA indicates that it is not co-expressed with other cytoadherence 



ligands and that its binding activity decreases as the parasite matures 

from the 20th to 40th hour of the cycle. Since one or more var 

genes encoding the CSA ligand have been identified, it 

is likely that peptides will be obtained quickly and used either for 

direct inhibition of cytoadherence on CSA or for development of 

an anti-sequestration vaccine. 
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TI Inhibition of binding of malaria- infected 

erythrocytes by a tetradecasaccharide fraction from 
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Medical Research, Parkville # Victoria, Australia. 
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AB Adherence of parasite-infected erythrocytes ( IEs) to the microvascular 

endothelium of various organs, a process known as sequestration, is a 

feature of Plasmodium falciparum malaria. 

This event is mediated by specific adhesive interactions between parasite 
proteins, expressed on the surface of IEs, and host molecules. P. 
falciparum IEs can bind to purified chondroitin sulfate 

A (CS-A) , to the proteoglycan thrombomodulin through CS-A side chains, and 
to CS-A present on the surface of brain and lung endothelial cells and 
placental syncytiotrophob lasts . In order to identify structural 
characteristics of CS-A important for binding, oligosaccharide fragments 
ranging in size from 2 to 20 monosaccharide units were isolated from CS-A 
and CS-C, following controlled chondroitin lyase digestion, and 
used as competitive inhibitors of IE binding to immobilized ligands. 
Inhibition of binding to CS-A was highly dependent on molecular size: a 
CS-A tetradecasaccharide fraction was the minimum length able to almost 
completely inhibit binding. The effect was dose dependent and similar to 
that of the parent polysaccharide, and the same degree of inhibition was 
not found with the CS-C , oligosaccharides . There was no effect on binding 
of IEs to other ligands, e.g., CD36 and intercellular adhesion molecule 1. 
Hexadeca- and octadecasaccharide fractions of CS-A were required for 
maximum inhibition of binding to thrombomodulin. Analyses of 
oligosaccharide fractions and polysaccharides by electrospray mass 
spectrometry and high-performance liquid chromatography suggest that the 
differences between the activities of CS-A and CS-C oligosaccharides can 
be attributed to differences in sulfate content and sulfation pattern and 
that iduronic acid is not involved in IE binding. 
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TI Plasmodium falciparum- infected erythrocytes adhere to 

the proteoglycan thrombomodulin in static and flow-based systems. 
AU Rogerson S J; Novakovic S; Cooke B M; Brown G V 

CS Walter and Eliza Hall Institute of Medical Research, Royal Melbourne 
Hospital, Victoria, Australia. 
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SO EXPERIMENTAL PARASITOLOGY, (1997 May) 86 (1) 8-18. 
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AB Plasmodium falciparum- infected erythrocytes can bind 

to the glycosaminoglycan chondroitin sulfate A. In this paper, 

we demonstrate that thrombomodulin, a proteoglycan present on endothelial 

cells and placental syncytiotrophoblasts , supports 

binding of selected lines of P. falciparum- infected 

erythrocytes in both static and flow-based assays, and that 

adhesion is dependent on the presence of the chondroitin sulfate 

A chain of thrombomodulin. Chondroitinase treatment of thrombomodulin 

abolished binding, and free chondroitin sulfate A prevented it, 

whereas other soluble glycosaminoglycans had little or no effect. Soluble 

thrombomodulin (with, but not without, its chondroitin sulfate 

chain) inhibited binding at 40 micrograms/ml , but not at physiological 

concentrations. Parasitized erythrocytes bound to cells 

expressing thrombomodulin, including human umbilical vein endothelial' 

cells and A549 cells, and binding was inhibited by free 

chondroitin sulfate A. Established, binding to A549 cells or to 

immobilized thrombomodulin was substantially reversed by 

chondroitin sulfate A at 10 micrograms/ml. The 

chondroitin sulfate chain of thrombomodulin is a receptor for 

malaria- infected erythrocytes in static assays and under 

physiological flow. 
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AB Plasmodium falciparum- infected erythrocytes adhere to 
syncytiotrophoblast cells lining the placenta via 
glycosaminoglycans, such as chondroitin sulfate A (CSA 
) and hyaluronic acid. Adherence of infected erythrocytes to host 
receptors is mediated by P. falciparum erythrocyte membrane 
protein-1 (PfEMP-1) . A single PfEMP-1 domain (duffy binding-like [DBL]-3, 
of the .gamma, sequence class) from lab. -adapted strains is thought to be 
responsible for binding to CSA. In this study, DBL-. gamma, 
domains expressed by placental P. falciparum isolates 
were shown to have an affinity to CSA. All parasite populations 
accumulating in infected placentas express only 1 variant of 
PfEMP-1, each of which contains a DBL-. gamma, domain with CSA 
binding capacities. Furthermore, sequence anal, data provide evidence .for 



antigenic conservation among the DBL- .gamma . sequences expressed by 
different placental parasites. This study offers a close 
reflection of the process of parasite adhesion in the placenta 
and is crucial to the understanding of the pathogenesis of malaria 
during pregnancy. 
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AB The invention provides a cDNA mol . encoding Plasmodium 

falciparum gene FCR3.varCSA protein, a large erythrocyte 

surface mol. (referred to as EMP1) that binds to chondroitin 

sulfate A (CSA) , and modulates parasitized (Plasmodium 

infected) red blood cell binding (PRBC) binding to 

CSA. The invention also provides cDNA mols. encoding the Duffy 

binding like 3 (DBL3) and cysteine-rich interdomain region 1 (CIDR1) 

domains of P. falciparum protein EMP1, two domains which were 

shown to be involved in PRBC binding, sequestration and onset of 

maternal malaria. The invention further provides: (1) 

expression vectors contg. said cDNA mols.; (2) use of said expression 

vectors for transforming host cells for the recombinant prodn. of the 

protein EMP1; (3) nucleic acid mols. (such as primers and/or probes) that 

hybridize to said cDNA mols.; and (4) anti-EMPl protein antibodies. Still 

further, the invention provides: (1) methods for identifying agents that 

modulate protein EMP1 binding to CSA; (2) pharmaceuticals 

comprising said anti-EMPl antibodies or said agent that modulates EMP1; 



(3) use of antisense FCR3. varCSA nucleic acids, EMP1 proteins and/or other 
varCSA proteins (such as A4 tres DBL3-. gamma, or ItG2-CS2 DBL2 -. gamma . ) in 
treatment and/or prevention of maternal malaria, and 

(4) a method for making a FCR3.varCSA disease-state profile. Finally, the 
invention provides the cDNA and amino acid sequences of P. 

falciparum gene FCR3.varCSA EMP1 protein, as well as the amino 
acid sequences of varCSA proteins A4 tres DBL3-. gamma, and ItG2-CS2 
DBL2 - . gamma . . 
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AB A review, with 50 ref s . Until recently, the .sequestration of erythrocytes 
infected with Plasmodium falciparum has been thought 
to be due to one of a no. of protein-protein interactions. In this 
article, Stephen Rogerson and Graham Brown summarize the emerging evidence 
that, in vitro, infected erythrocytes can also adhere to the 
glycpsaminoglycan chondroitin sulfate A (CSA) 

expressed on the surface of cells and immobilized on plastic. In vivo, 
binding of infected erythrocytes to CSA could 
be crucial to the development of malarial infection of the 
placenta, and possibly to sequestration in the lung and brain. 
The consequences of this may include maternal morbidity and 
mortality, low birth wt . in the infant, pulmonary edema and cerebral 
malaria. They discuss the need to characterize the mol . basis of 
this interaction, and to investigate the possible therapeutic role of 
CSA in malaria. Chondroitin sulfates are 

nontoxic compds . already in use for other diseases in humans. Vaccines 
based on inhibiting this receptor- ligand interaction could also be 
appropriate . 
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AB Plasmodium falciparum malaria during 

pregnancy is an important cause of maternal and infant morbidity 
and mortality. Accumulation of large numbers of P. falciparum 
-infected erythrocytes in the maternal blood spaces of 
the placenta may be mediated by adhesion of infected 



erythrocytes to molecules presented on the syncytiotrophoblast 
surface. In this study, isolates from placentas and peripheral 
blood of infected pregnant women and from children were tested for 
binding to purified receptors and for agglutination with adult 
sera. Results suggest that adhesion to chondroitin sulfate A may 
be involved in placental parasite sequestration in most cases, 
but other factors are also likely to be important. Agglutination assay 
results suggest that parasites infecting pregnant women are antigenically 
distinct from those common in childhood disease. The prevalence of 
agglutinating antibodies to pregnancy isolates was generally low, but it 
was highest in multigravidae who are likely to have hadthe greatest 
exposure . 
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The pathophysiologic events leading to organ damage in Plasmodium 

falciparum malaria infections involve adhesion and 

sequestration of parasite- infected erythrocytes (PRBC) to the 

vascular endothelium and syncytiotrophoblast. Several potential receptors 

to which the PRBCs may bind have recently been identified, one of which is 

thrombomodulin (TM) . TM has been implicated particularly in mediating 

sequestration of P. falciparum- infected erythrocytes 

in the placenta and brain, two sites of disease associated with 

high morbidity. In order to establish that binding of 

parasite- infected red blood cells to TM is dependent on its containing 

chondroitin-4 -sulfate (CSA) , we have mutated the 

CSA-attachment site of murine TM, and expressed this mutant form 

(TMser-gly) in COS-7 cells. In cytoadhesion assays, we demonstrate that, 
in contrast to wild-type TM which contains CSA and supports the 
adhesion of 1466 PRBCs/mm2, TMser-gly does not contain CSA and 
adhesion of PRBCs to thosecells expressing TMser-gly is entirely abrogated 

(200 PRBCs/mm2) . These studies further confirm that the CSA of 
TM may play a role in the pathophysiology of malaria by 
providing a binding site for PRBCs. 
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Late stages of Plasmodium falciparum- infected 



erythrocytes (IRBCs) frequently sequester in the placentas 

of pregnant women, a phenomenon associated with low birth weight of the 

offspring. To investigate the physiological mechanism of this 

sequestration, we developed an in vitro assay for studying the 

cytoadherence of IRBCs to cultured term human trophoblasts . The capacity 

for binding to the syncyt iotrophoblast varied greatly among P. 

falciparum isolates and was mediated by intercellular adhesion 

molecule 1 (ICAM-1) , as binding was totally inhibited by 84H10, 

a monoclonal antibody specific for ICAM-1 . Binding of the P. 

falciparum line'RPS to the syncyt iotrophoblast involves 

chondroitin-4-sulfate (CSA) , as this binding 

was dramatically impaired by addition of free CSA to the 

binding medium or by preincubation of the syncyt iotrophoblast with 

chondroitinase ABC. ICAM-1 and CSA were visualized on the 

syncyt iotrophoblast by immunofluorescence, while CD36, E-selectin, and 

vascular cell adhesion molecule 1 were not expressed even on tumor 

necrosis factor alpha (TNF-alpha) -stimulated syncyt iotrophoblast tissue, 

and monoclonal antibodies against these cell adhesion molecules did not 

inhibit cytoadherence. ICAM-1 expression and cytoadherence of. wild 

isolates was upregulated by TNF-alpha, a cytokine that can be secreted by 

the numerous mononuclear phagocytes present in malaria- infected 

placentas. These results suggest that cytoadherence may be 

involved in the placental sequestration and broaden the 

understanding of the physiopathology of the malaria- infected 

placenta. 
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AB Multigravid women, who are protected from malaria during 

pregnancy, possess antibodies that block the binding of infected 
erythrocytes to chondroitin sulfate A, a 
placental receptor. 
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AB Plasmodium falciparum: Involvement of additional 

receptors in the cytoadherence of infected erythrocytes to 

microvascular endothelial cells. Experimental Parasitology 84, 42-55. The 

involvement of additional ligands in the cytoadhesion of PRBC to 

endothelial cells was studied by the use of human microvascular 

endothelial cells (HMEC-1) , brain microvascular endothelial cells 

(HBEC-5I) , umbilical vein endothelial cells (HUVEC) , and C32 melanoma 

cells as well as soluble CD36, ICAM-1, and thrombospondin in the adhesion 

assays. Immunostaining showed that ICAM-1 and thrombospondin were 

expressed by all cell lines, whereas CD36 and VCAM-1 were expressed 

constitutively only by C32 melanoma cells and HBEC-5I, respectively; none 

of these cells had basal expression of E-selectin. Bindings of 

the parental HB3 parasite strain to HMEC-1 and HUVEC were higher than that 

to HBEC-5I and C32 melanoma cells. Selections by panning the parental HB3 

through HMEC-1 (HB3EC-6 line) or C32 melanoma cells (HB3C32-6 line) six 

times increased bindings by more than 10-fold, but the 

binding of HB3C32-6 to HMEC-1 was higher than that to C32 melanoma 

cells. Antibody or peptide blockade against CD36, ICAM-1, and 

thrombospondin or preincubation of target cells with TNF- alpha and IFN- 

gamma did not significantly alter the binding intensity of 

HB3EC-6 to HMEC-1 and HB3C32-6 to C32 melanoma cells. Preincubation of 

HMEC-1 with IL-4, however, reduced its binding with HB3EC-6. In 

vitro selection did not enhance the binding of PRBC to 

platebound CD36 or thrombospondin; binding to ICAM-1 was 

negligible. The binding of both selected lines was inhibited by 

dextran sulfate and sul fat ides, but not by chondroitin sulfate 



A. These results suggested that in addition to CD36 and thrombospondin, 
sulfated glycoconjugates were probably concurrently utilized by these PRBC 
as receptor's. Experiments with freshly isolated Kenyan parasites indicated 
that they also exhibited a similar mechanism of binding to 
endothelial cells . 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB Mature Plasmodium falciparum parasitized 

erythrocytes (PE) sequester from the circulation by adhering to 

microvascular endothelial cells. PE sequestration contributes directly to 

the virulence and severe pathology of falciparum malaria 

. The scavenger receptor, CD36, is a major host receptor for PE adherence. 
PE adhesion to CD36 is mediated by the malarial variant antigen, P. 
falciparum erythrocyte membrane protein 1 (PfEMPl) , and 

particularly by its cysteine-rich interdomain region 1 (CIDR-1) . Several 
peptides from the extended immunodominant domain of CD36 (residues 
139-184), including CD36 139-155, CD36 145-171, CD36 146-164, and CD36 
156-184 interfered with the CD36-PfEMPl interaction. Each of these 
peptides affected binding at the low micromolar range in 2 
independent assays. Two peptides, CD36 145-171 and CD36 156-184, 
specifically blocked PE adhesion to CD36 without affecting binding 
to the host receptor intercellular adhesion molecule-1 (ICAM-1) . Moreover, 
an adhesion blocking peptide from the ICAM-1 sequence inhibits the 
PfEMPl-ICAM-1 interaction without affecting adhesion to CD36, These 
results confirm earlier observations that PfEMPl is also a receptor for 
ICAM-1, Thus, the region 139-184 and particularly the 146-164 or the 
145-171 regions of CD36 form the adhesion region for P. falciparum 
PE, Adherence blocking peptides from this region may be useful for 
modeling the PE/PfEMPl interaction with CD36 and for development of 
potential anti-adhesion therapeutics. (C) 1999 by The American Society of 
Hematology. 



